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要旨 
褐色脂肪組織（brown adipose tissue; BAT）は、エネルギー代謝や体脂肪量の調整に寄与することが
実験動物では確立していたが、ヒト成人においてはその存在や意義が長い間疑問視されていた。しかし近









Non-shivering metabolic thermogenesis normally occurs in brown adipose tissue (BAT). While the 
roles of BAT in the regulation of whole-body energy expenditure (EE) and body fat have been 
elucidated in small rodents, the presence and function of BAT in adult humans are yet to be 
ascertained. However, recent studies using radionuclide imaging techniques have revealed the 
existence of large amounts of BAT in adult humans. We showed previously that 1) human BAT is 
activated by sympathetic nerve-related stimulation, such as cold exposure, 2) BAT contributes to 
whole-body EE, 3) the activity of BAT decreases in obese, and middle aged and old individuals, 
and 4) highly active BAT can prevent excess body fat accumulation.   
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Therefore, inactivation and reduction of BAT may cause obesity, thereby implying that 
reactivation and recruitment may aid in obesity management. To examine this hypothesis, we 
investigated the acute and chronic effects on BAT of certain food ingredients that have anti-obesity 
potential, such as capsaicin and related compounds. Our results indicate that these food 
ingredients can activate and recruit human BAT, thereby increasing EE and decreasing body fat; 
this suggests that BAT can be used as a target to combat human obesity. 
 
 




TRP (transient receptor potential channels) 
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ヒト BAT の研究は飛躍的に進歩した 6,7,8,9,10,12)。 
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TRPV1 に作用し 25)、BAT を活性化してエネルギー
代謝を高め、肥満を軽減することが 26)、マウスで
の実験で確認された。 

































AUC of EE：累積エネルギー消費量、EE：エネルギー消費量、 
●、■：食品成分摂取、〇、□：プラセボ摂取、 
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後 30 分以降ベースラインよりもエネルギー消費









































る TRPM8 を活性化するためである 20)（図５）。メ
ントールに抗肥満効果があることは実験動物で知
























































1) 厚生労働省：平成 24 年国民健康・栄養調査報
告 （ http://www.mhlw.go.jp/bunya/kenkou/ 
eiyou/h24-houkoku.html） 
2) 日本肥満学会: 肥満症治療のガイドライン
2006, 肥満研究, 12(臨時増刊号), 2006. 
3) 田中茂穂: 身体活動とエネルギー代謝, 身体
活動・運動と生活習慣病‐運動生理学と最新
の予防・治療‐, 日本臨牀, 67(増刊 2), 
11-15, 2009. 
4) Cannon B, Nedergaard J: Brown adipose 
tissue: function and physiological 
significance, Physiol Rev, 84, 277-359, 
2004. 
5) 斉藤昌之: 褐色脂肪とは, ここまでわかった
燃える褐色脂肪の不思議, 斉藤昌之, 大野秀
樹編, 9-29, 有限会社ナップ, 2013. 
6) Saito M, et al: Human brown adipose tissue 
evaluated by FDG-PET: activation by cold 
exposure [abstract], Int J Obes, 31(S1): 
S32(T3:OS4.4), 2007 
7) Saito M, et al: High incidence of 
metabolically active brown adipose tissue 
in healthy adult humans: effects of cold 
exposure and adiposity, Diabetes, 58, 
1526-1531, 2009. 
8) Virtanen KA, et al: Functional brown 
adipose tissue in healthy adults, N Engl J 
Med, 360, 1518–1525, 2009. 
9) van Marken Lichtenbelt WD, et al: 
Cold-activated brown adipose tissue in 
healthy men, N Engl J Med, 360, 1500–1508, 
2009. 
10) Cypess AM, et al: Identification and 
importance of brown adipose tissue in adult 
humans, N Engl J Med, 360, 1509–1517, 2009. 
11) Inokuma K, et al: Uncoupling protein 1 is 
necessary for norepinephrine-induced 
glucose utilization in brown adipose 
tissue, Diabetes, 54, 1385-1391, 2005. 
12) 斉藤昌之, 松下真美: 肥満の医学‐臨床と研
究の最先端‐, ヒトの褐色脂肪組織, 医学の
あゆみ, 250(9), 806-810, 2014. 
13) Yoneshiro T, et al: Brown adipose tissue, 
whole-body energy expenditure, and 
thermogenesis in healthy adult men, 
Obesity, 19, 13-16, 2011. 
14) 会田さゆり 他：成人における食後熱産生に
対する褐色脂肪の寄与, 肥満研究, 17, 41-48, 
2011. 
15) Yoneshiro T, et al: Age-related decrease in 
cold-activated brown adipose tissue and 
accumulation of body fat in healthy humans, 
Obesity, 19, 1755-1760, 2011. 
天使大学 紀要 Vol.15 No.2 2015 
- 39 - 
16) Yoneshiro T, et al: Recruited brown adipose 
tissue as an anti-obesity agent in humans, 
J Clin Invest, 123, 3404-3408, 2013. 
17) Yoneshiro T and Saito M: Transient receptor 
potential activated brown fat thermogenesis 
as a target of food ingredients for obesity 
management. Curr Opin Clin Nutr Metab Care, 
16, 625-631, 2013. 
18) Kawada T, et al: Capsaicin-induced beta- 
adrenergic action on energy metabolism in 
rats: influence of capsaicin on oxygen 
consumption, the respiratory quotient, and 
substrate utilization, Proc Soc Exp Biol 
Med, 183(2), 250-256, 1986. 
19) Kawada T, et al: Effects of capsaicin on 
lipid metabolism in rats fed a high fat diet, 
J Nutr, 116(7), 1272-1278, 1986. 
20) 富永真琴：生命はいかに温度をセンスするか
‐TRP チャネル温度受容体‐, 日本生理学雑
誌, 65(4・5), 130-137, 2003. 
21) Ono K, et al: Intragastric administration 
of capsiate, a transient receptor 
potential channel agonist, triggers 
thermogenic sympathetic responses, J Appl 
Physiol, 110(3), 789-798, 2011. 
22) 矢澤進 他, ‘CH-19 甘’を片親としたトウ
ガラシ(Capsicum annuum L.)の雑種における
カプサイシノイドならびにカプサイシノイド
様物質の含量 , J Japan Soc Hort Sci, 
58(3),601–607, 1989. 
23) Kobata K, et al: Novel Capsaicinoid-like 
Substances, Capsiate and Dihydrocapsiate, 
from the Fruits of a Nonpungent Cultivar, 
CH-19 Sweet, of Pepper (Capsicum annuum L.), 
J Agric Food Chem, 46(5), 1695–1697, 1998. 
24) Kobata K, et al: Nordihydrocapsiate, a New 
Capsinoid from the Fruits of a Nonpungent 
Pepper, Capsicum annuum, J Nat Prod, 62(2), 
335–336, 1999. 
25) Iida T, et al: TRPV1 activation and 
induction of nociceptive response by a 
non-pungent capsaicin-like compound, 
capsiate, Neuropharmacology, 44(7), 958–
967, 2003. 
26) Ono K, et al: Intragastric administration 
of capsiate, a transient receptor 
potential channel agonist, triggers 
thermogenic sympathetic responses, J Appl 
Physiol, 110(3), 789-798, 2011. 
27) Snitker S, et al: Effects of novel 
capsinoid treatment on fatness and energy 
metabolism in humans: possible 
pharmacogenetic implications. Am J Clin 
Nutr, 89, 45-50, 2009. 
28) Yoneshiro T, et al: Non-pungent capsaicin 
analogs (capsinoids) increase energy 
expenditure through the activation of 
brown adipose tissue in humans, Am J Clin 
Nutr, 95, 845-850, 2012. 
29) Connell DW: Natural pungent compounds. Ⅲ. 
Paradols and associated compounds. Aust J 
Chem, 23, 369-376, 1970. 
30) Connell DW, McLachlan R: Natural pungent 
compounds. Ⅳ . Examination of the 
gingerols, shogaols, paradols, and related 
compounds by thin-layer and gas 
chromatography, J Chromatogr A, 61, 29-35, 
1972 
31) Tackie AN, et al: Constituents of West 
African medicinal plants. Ⅷ . 
Hydroxyphenylalkanones from Amomum 
melegueta, Phytochemistry, 14, 853-854, 
1975. 
32) Riera CE, et al: Compounds from Sichuan and 
Melegueta peppers activate, covalently and 
non-covalently, TRPA1 and TRPV1 channels, 
松下真美 他：香辛料などの食品成分によるヒト褐色脂肪組織の活性化と肥満予防 
- 40 - 
Br J Pharmacol, 157, 1398-1409, 2009. 
33) Morera E, et al: Synthesis and biological 
evaluation of [6]-gingerol analogues as 
transient receptor potential channel TRPV1 
and TRPA1 modulators. Bioorg Med Chem Lett, 
22, 1674-1677, 2012. 
34) Sugita J, et al: Grains of paradise 
(Aframomum melegueta) extract activates 
brown adipose tissue and increases 
whole-body energy expenditure in men, Br J 
Nutr, 110(4), 733-738, 2013. 
35) Sugita J, et al: Daily ingestion of grains 
of paradise (Aframomum melegueta) extract 
increases whole-body energy expenditure 
and decreases visceral fat in humans, J 
Nutr Sci Vitaminol, 60(1), 22-27, 2014. 
36) Ma S, et al: Activation of the cold-sensing 
TRPM8 channel triggers UCP1-dependent 
thermogenesis and prevents obesity, J Mol 
Cell Biol, 4(2), 88-96, 2012. 
37) Kurogi M, et al: Green Tea Polyphenol 
Epigallocatechin Gallate Activates TRPA1 
in an Intestinal Enteroendocrine Cell Line, 
STC-1, Chem Senses, 37, 167-177, 2012. 
38) Yenjai C, et al: Bioactive flavonoids from 
Kaempferia parviflora, Fitoterapia, 75, 
89-92, 2004. 
39) Rujjanawate C, et al: Anti-gastric ulcer 
effect of Kaempferia parviflora, J 
Ethnopharmacol, 102, 120-122, 2005. 
40) Kusirisin W, et al: Antioxidative activity, 
polyphenolic content and anti-glycation 
effect of some Thai medicinal plants 
traditionally used in diabetic patients, 
Med Chem, 5, 139-147, 2009. 
41) Akase T, et al: Anti- obesity effects of 
Kaempferia parviflora in spontaneously 
obese type II diabetic mice, J Nat Med, 65, 
73-80, 2011. 
42) Shimada T, et al: Preventive effect of 
Kaempferia parviflora ethyl acetate 
extract and its major components 
polymethoxyflavonoid on metabolic 
diseases, Fitoterapia, 82, 1272-1278, 
2011. 
43) Yoshino S, et al: Kaempferia parviflora 
extract increases energy consumption 
through activation of BAT in mice, Food Sci 
Nutr, 2(6), 634-637, 2014. 
44) Matsushita M, et al: Kaempferia parviflora 
extract increases whole-body energy 
expenditure in humans: roles of brown 
adipose tissue, J Nutr Sci Vitaminol, 
61(1), 79-83, 2015. 
